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Report Juwber T-1097-11

ABSTRACY 95&’%

This report covers the period 1 March 1968 te 1 April 196%, wnder
mm;-au.vhiehcnh!-mlnmdr:mhm
development s high tempersture thermocouple capebls ssasuring
rockst engine exhauwst temperetures in the 3000°C rengs, .mder sdverse

CaliBrations were centinued inte the over %000°F range. Investigs-
tions of high tempersture oxidation resistant costings were continued.
tions which were not, st the time of this report, completed. Msterials
tests, regmding notch sensitivity amd ductlity of the sheath msterial.
were made. The contrect is scheduled for termination on 17 June 196%.
Mmmkh.anMﬁﬂnfmw
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Report ld-r v-1097-11

SECTION 1

Wcﬂuvﬁ

R

This report covers the period 1 Aprfl 196% to 1 May 1968,
Statemant of Work

The Contractor shall sdvance the state-of-the-art of high
tempersture thermometry and specifically improve the technigue
of .ecurmly megsuring high temperstures by designing, fabrica-
ting, teating end delivering nine (9) thermocounle probes
cepeble of operetion in the 3000°C temperature range under ad-
verse conditions of ercsion oxidstions and high stress levels for

"useful period of time. Also, present methods of

thermecouple
probe fabricstion will be modified such that the end product will
hmubhfuiwfliﬂztm”mumth.m
vehicle.

To sccomplish the above ebjectives the Contrector shall comsider
and explore specific R & D efforts as follaws: -

a. Develop of the physical structure of an immersed probe
to sttain minimm drag end highest resistance to bending
s and shear ferces.

_b. Ascertain the best combinstion of ingredients in the pro-

tective coating of the probe to extend the term of oxidation
resistance.

c. Wﬁnhutcdimﬁwofemmudvimfm
use with the fsmersion type probes.

da. Imw latest :tuu-efothe-m materials ss potting llll
mnngdmntsinﬂsebmeftheprebu

e. Determine effects of reactions between uidc costings and
tungsten in relation to the wf ontwt

f. htmﬁm&mimfwﬁffmmd

nfr-eeary entimm-mm& m




1.2 Progress
a. Calidbratiess
One gauge was subjected to a total of three calibretion runs
from about 2000°F to SO00°F. Results were in excellent
agreement with data taken by Hoskins, Aerojet and ethers,

C.

E

Some encoursgement in the use of thin oxide coatings has
resulted from recent work!

Ductility & Wetch Smitivig

Recent work on surface trestment of the material to reduce
notch semsitivity has resulted in an increase in cold strength
by about 50X. The brittle to ductile tremsition tempersture
of the sheath msterial has been established at about 400°C.
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SECTION II

PAST PROGRESS

2.0 Gemersl

2.1

Previous effort was reported in ACL Progress Reperts T-1097-1
threugh 7-1097-10.

Prototype 4“& snd Developument

As was previomly reported, chjectives for the first prototypes
were limited te the S006°F - 4S00°F ramge in the interest of
sccumilating test data for analysis, the results to be utilised
in future design.

A design sppresch for the protetype gauges was selected, snd
drewings prepared, detailing ssans of fabrication and aseembly.

Investigations made into fabrication technigques involved in
working vaper deposited Tungsten, resulted in improved saterial
handling techniques.

Shock and vibration tests, performed om a prototype mock-up,
resulted in a conclusion that the sheath material was intrinei-
cally capsble of withstanding the specified shock and vibration
requiremsnts.

Mbdv“mchmledvimmm
for test and evalustiom.

M evalugtiem of the SKI calibration tests for ACL Type 8734
gauges wves made, resulting in a conclusion that an optimm
immereion dupth might be in the order of 1 - 1/2 inches in an

. isothermsl region.

The two Type %73% gauges tested by N.A.S.A., and returned to ACL
were examined end results of the examingtion were reported.

A test of a "no-insulation™ approsch was started, but was sborted
due to & failure in the test oven. Such tests were subseguently
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2.1 Prototype Design and Development (Comtinued)

Three prototype gauges were delivered to M-ASTR-I, om 17 October
1963, for test and evaluation. Calidbretion of this type of gauge
m.wtmdmm.mvmmmm
in previouws calibretions. The shift wes believed due

fous emf centributed by the "cempensated” lsed wires. The
however, parallalid the curves takem by Southern Resesrch Institute,
as well as those predicted by ACL.

Further tests verified the presence of lesed wire errors.

Analyses of form and shock dreg loads were mede. The results will
be considered im future design.

Investigations of axidation resistsnt coatings were continued.
Accumiliated dsta vas reviewsd, snd talmlated for comparisen amd
reference.

Response test performed om one Type %735 gauge yielded response

as low as %5 milliseconds from smbient air to beiling water. Lead

wire tests resulted in a conclwsion that the thermocouple msterials
. should be used in lead extensioms for best sccurscy. Purther inves-

tigations of oxidation resistant coatings, snd insulators verified

the conclusion resched in earlier tests. Design of the second

generetion gauges was continued.

Three second generation gauges were delivered to M-ASTR-I on

26 February 194 for test snd evaluation. These gages incorporated
thermocouple materials ss lead wire, andcu-!.nntiona!i.—uh-
tion in the Hot Zone. Calidbretions of this type of gauge showed amn
incresse in the upper temperature limit, snd virtual eliminstion of
lead wire error. emf ocutput curves essentially tracked predicted

values.

Continuation of calibration tests resulted in verificatiem of
calibratien curves previomly developed.

Further calibretion and stability tests were highly repestible.
A positive drift, diminishing in extemt with cycling, was noted.




SECTION IIX
CORRENT PROGRESS

3.0 Gemeral

ACL has directed offort in the burrent reporting peried
toward verifying cslidrstions at temperstures in the 4000TF
to SO0C°F tempersture range, with lenger periods of time
spent at stabilized cgvity tesperstures, than in previom
calibretions .

ACL had anticipated receipt of dsta from the tests plammed
by M-ASTR-1 at Southern Resesrch Institute prior to the
date of this report. Such information wes planned for use
inaddnsnyimmatﬁcn-ﬁiii‘-txn Type 2735 geges,

It has pet, spparently been possibls tc complete the SRY
tests. As a coneaguence, m;lmtopmedvithfnbri-
‘cation of the three final gages on the hasis of ACL tests.
If the SRI dats is made availsbls prior to conclusion of
work under this comtract on 17 June 19648, in sufficient

. time, ACL plans to incorporete any indicated chenges.
3.1 Progress

3.1.1  Calibyations

One type %700 gage was subjected to tests at temperatures
frem about 2000°F to about H200°F. Fewer data points were
taken over the renge to allow more time for stsbility at
esch point cbserved with the optical pyrometer. The temp-
erature vs emf dats were plotted and are shown in Figurerl,
The Comparisen plot for agreement with the published Hoskine
data is sheawm in Figare 2. Since no published data was
available at the time of the tests for the tempersture range
from S200°F up, the local Heskine representative was contacted
to ses whether any unpublished data was ‘wvailable. The
Hoskins representative reported that he had been advised

by his enginsering staff that the curve could be extrapolated
from the %200°F point to SO00°F without an appreciable loss
of accuracy. Plots of millivelts per degree F in this renge
do not agree with such extrapolations, however, ner do they
agree wlth sither the Bxglebn'd curve or pmimly taken




3.1.1.1

3.1.1.2

3.1.1.3
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Test Method

The test methods employed in these cslibrations were identical
in every essential detail with those described in the last
report.

Run No. 1

Run No. 1 was made from 2093°F to 4217°F and return to 2257°F.
Total rumning time was 3 hrs. 40 min., with gbout 1 hr. at
4217°F. After cool-down, the gage was examined. No evidence
of adverse effects were cbserved. The output curve from

the ascending portion of the run matched the Hoskins curve,
point for point, over nearly the entire range. Any devia-
tions were within the experimental error limits. A positive

= -

drift wes observed during the descending Tun.

Run No. 2

Run No. 2 was made from 2138°F to 4082°F. No descending rum
was made. Total running time was 2 hrs. 20 min, with about
1 hr. above 4000°F. No adverse effects were observed as

a result of this run. The positive drift observed during
the descending portion of Run No. 1 had apparently stopped.

Run No. 3

Run No. 3 was made from 22U1°F to #136°F., No descending rumn
was made. Total ruming time was 2 hrs. 20 min., with gbout

1 hr. above 4000°F. Excellent agreement was seen between

Run No. 2 snd Run No. 3. The positive drift was still believed
to be present, but had evidently diminished to the extent

that its presence was difficult to detect, when pyrometer
operator error and the limits of accurecy of the measuring
apparatus are taken into sccount.

Low Temperature Calibrations

Very little information has been found in the literature
concerning the output of Tungsten-Rhenium thermocouples

at low temperatures. ACL, therefore, performed calibrations
on a test thermocagple at three temperatures: The boiling
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Low Tespersature Calibrations- Continued

point of Liguid Nitrogen ( -320 F )}, the equilibrium temperature
of a mixture of solid 002 and Acetone, and the melting point
of ice.

The test gage was fabricated from Tungsten vs Tungsten 26%
Rhenium wire, .020 inch diameter, Hoskins Tungsten Lot No. 34,
and Tungsten 26% Rhenium Lot No. 2610. The lowest output in the
calibration curve gmided for this matched set of wires

was .292 mv at 200

Copper leads attached to each of the thermocouph wires were
brought ocut to a Type 8662 L & N Precision Portable Potentio-
meter, where the output was read, after the bridge was compen-
sated.

The hot junction of the test gmge was first immersed in the
ice bath, with the positive lead of 1) gagze attached to the
positive terminal of the bridge. There was no discernible
cutput. The leads were reversed, with the same result.

& o

The hot junction was then immersed irn the acetone and C02 bath,
and the same results were obtained. In the LN2Z2, the same
result was again observed.

The junction was thern placed in the ambient air, and the
traneition between the copper and the thermocouple materials
was immersed in the LR2. A negative ocutput of .03 millivolts
was megsured on the bridge. The same test perforwed in the
acetone and CO2 yielded a negative ocutput of 005 mwv. 1In
the ice bath, there was no discernible output, either
regative or positive.

The effects ss nmeasured above are of particular interest in
applicatiors where the trangition section of the gage might
be maintained at some low temperature, while the hot junction
was operating at an elevated temperature., The tests indicate
that Tungsten vs Tungsten 26 Rhenium has a negligible output
at low temperatures, and that errors in the output are very
low if copper lead extensions are used when the trensition

is maintained at temperstures from -320 F to near ambient.
This opens up the possibility of dispemsing with a reference
junction while still maintaining accuracy within acceptable
limits.
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Vibretion Test

Vibretion testing had been performed early in the programs

on a sock-up of the Type 4735 Gauge. A completed gage had
not. however, been subjected to vibration tests. One

second generation gsuge, therefore, was subjected to investi-
gative tests to determine its response to sinusoidsl vibratory
inputs in the range S to 2000 cps.

The gage tested hed been tempersture cycled repeatedly from
ambient to more than S000°F. Any effect of recrystallization
on the physical structure of the sheath hed, therefore,

been fully realized. The principel concern in this regard
was whether high temperature cycling would induce an early
failure in the sheath material, since any gage calibreted

to the temperatures of interest would have had every oppor-
tunity to recrystallize, end it is hardly likely that a
virgin gage would he weed in an spplication.

During the tests, both input to the fixture and output at

the gage nut were mgnitored with calibrated accelerometers,
over the frequency range and inputs shown in the data sheet
of Figure 3. The gage was vibrated at each resomant frequency
for twe minutes. The resonance search was conducted over

the renge with a logarithmic sweep in 45 mimutes.

Themtvuex-ine;fouoﬂ.ngthctat. No evidence of
structural damage was seen. The gage function was wunispsired
a8 a result of the test.

The input was held to lug at the resonances for two ressons:

to permit measuring the @ of the gage, and to prevent extreme
smplification at the resonant points. Table 1, below, lists

resonant points. Table 1, below, lists resonant frequencies

and the amplificetion factor for esch.

Table 1

AMPLIFICATION FACTOR Q

Resonant Frequency Input Output Amp .Factor
cpe K S T —9

Z-Axis 125 14 24 1.7

270 14 2u 1.7
450 14 50 3.6
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Table 1 (Continued)

=  AMPLIFICATION FACTOR O
Resonant_[requency Input Output Amp. Factor

cpe - S B Q
700 L 36 2.6
1310 14 60 .3
X-Axis w50 S Tt 20 1.4
$60 14 50 3.6
Y-Axis 105 19 28 2.0
155 1% 22 1.6
urs 1% 42 | 3.0
510 14 47 3.4
1128 1% uw 3.1
S8 8.1

1400 ) L2

The "tube” referred to in the data sheet is the sheathed
extension lead wire of about 18 inches in length, with a
B-rut on the end. The reaction of this lead may have
contributed to the relatively high response as seen above.

Materiala Test

Because of concern with the strength and ductility of the
sheath material used in the Type 4735 gages, an attempt

has been made to ascertain several characteristics over the
tempersture range from ambient te the brittle-to-ductile
transition temperature. It is well established that Tungsten
is a brittle material at normsl temperstures. A general
consensus seemed to be that vapor deposited Tungsten did not
develop ductility at any temperature, and that vabor deposited
Tungsten tubing exhibited little or no room temperature
strength. ACL has long been convinced that this is not

true because of the shock and vibretion tests run very

early in this project. A serious concern has existed,
however, as to whether the sheath materials could be surface
finished without serious loss of strength, at room temperatures.
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Materials Test (Continued)

The brittle-to-ductile transition temperature has been
established as approximately 400 C.

Four Tungsten tubes. each 3/28 inch leng, .250 inch imside
dismweter, and .030 wall thickness were prepared for the
test. Two of the tubes weare surface ground on a belt-
sander to remove the rough, ss-received surface. Approxi-
mately .005 inch of material was removed in the grinding.
The specimens were then placed horizantally between the
platens of a compression tester and loaded radially until
fatlure occurred. Failure was defined as occurring when the
tube collapeed. Table 2, below, shows the results of this
test.

Table 2
COMPRESSION TEST

Sample Surface FPounds Loading
Charscter at Failure
Ground 150
Unground 95
Ground 140
Unground 105

One of the points of concern had been that grinding would
provide a detrimental cendition, ir that it would create
smgll surfsce marks that might aggravate the known notch-
sensitivity of the Tungsten. The results of the test indicate
that surfece grinding actually improved the strength of

the material, under the conditions of test, by about 50%.

The nature of the fractures in the material at failure
support the argument that the grinding removed very sharply
defined microscopic pesks and valleys in the surface of the
material, thus eliminating fncipfent points of failure due

to stress cencentration. The unground specimen both broke
axially, with long cleavages. The ground specimens suifered
a nearly explosive type of fracture with very small pieces
resulting from the fracture, and developed no well-defined
pattern of clesvage. It would appear, then, that grinding
the surface permits higher loading by permitting the locked-in
stresses to build to & higher value, with cleavage along a
random pattern of grain boundaries when the stresses are relieved
at failure.

- 10 -
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CALIBRATION DATA - TYPE 4700 GAGE
NONS 1, 2, AND 3

Ran No. 1

1145
1u30
1651
1950
23385
2325
2019
1731
1517
1236

Run Ne. 2

1170
1401
1626
1938
2236
2250

Run No. 3

1227
1515
1643
1951
2236
2280

Temp.
°F

2093
2606

361%

D-Q"

3708
3148
2763
2257

2138
2554
2959
3520

2241
2759
2991

9057
3136

Output
v

16.582
23.666
27.515
3%.3¢87
38.856
38.111
33,53
27.780
23.250
16.649

14,952
20,855
25.436
31.675
36.706
36.880

16.452

23.362
26.215
32.26%
37.2490
37.438
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SECTION IV
PROGRAM FOR MEXT INTERVAL

Objectives for the Interval 1 May 1964 to 1 June 196% are:

Prepare for delivery of the final three gages en
17 June 1964,

Continue work on Final Wmeﬂng Report.
Review results of SRI tests, if available.
Contimue search for oxidation resistant coatings.
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SECTIOK V

STATEMENT OF MAN HOURS

5.0 W

Previous Current To
Category Periods Periods Date
Engineering 794.5 37.0 831.5
Clerical 1u5.5 20.0 165.5
Fabrication 763.5 9.0 770.5
Consulting 20.5 -0 - 20.5
Drafting 61.0 -0 - 61.0

- 16 -




